A New Look at Lists of Material 
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INSTANT 
ENGINEERING 
DRAWINGS 


FASTER PRINTS MEAN FASTER PRODUCT DEVELOPMENT, 
FASTER PRODUCTION. Imagine locating a drawing or record 
in seconds. Imagine having a work-size print in just 8 seconds. 
All this, and more, can happen when your drawings and records 
are on microfilm . . . with FILMSORT® Aperture Cards and 
THERMO-FAX ‘‘Filmac’’ Reader-Printers. This is the way many 
companies are saving valuable engineering and drafting time, 
saving the cost of full-size print preparation, saving space, and 
saving print distribution costs. The cost? Far less than you 
would expect for such amazing efficiency. Find out now how 
you, too, can put microfilm to work—get Instant Engineering 


Drawings when you need them, where you need them—with 
3M Microfilm Products. 
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3M Company Dept. FCE-71, St. Paul 6, Minn. 


Please send me information about Instant Engi- 
neering Drawings. 
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A Classification Problem 


Sirs: 

There were several articles in the 
May issue of Graphic Science that 
were of great interest to me. The 
article entitled “Draftsmen are Made 
—Not Born” was especially interest- 
ing and has good value when ap- 
plied in large organizations. i 

Presently our draftsmen_ classifica- 
tions (trainees through senior de- 
signers) are undergoing re-evalua- 
tion with regard to scope of duties 
and responsibilities in their respective 
classes. Any material that can be 
made available to me in this regard 


will be greatly appreciated. 
E. L. CoLacro 


Chief Draftsman 
Allis-Chalmers Mfg. Co. 
Hyde Park Station 
Boston 86, Mass. 


Editor's Note: Some of our readers 
may be able to help Mr. Colageo. If 
so, write him at the above address. 
Also, a handbook issued by the 
Standards Div., U.S. Civil Service 
Commission, entitled “Handbook of 
Occupational Groups and Series of 
Classes,” may be of help. Of particu- 
lar interest would be Engineering 
Technician Series, GS-802 and Engi- 
neering Drafting Series GS-818. This 
handbook is obtainable from the Su- 
perintendent of Documents, U.S. 
Government Printing Office, Wash- 
ington 25, D. C., for $3.00 a copy. 


Society for Draftsmen 


Sirs: 

In your April editorial you ask, 
“Do we need a national society for 
draftsmen?” as if it were possible to 
give a yes or no answer to this ques- 
tion. 

I am convinced that only when 
there is an unfulfilled need for such 
an organization, including an_ eco- 
nomic justification for it, can such a 
group come into being. I see the 
need for wide distribution of news 


4 


Letters 


such as you are doing in Graphic 
Science. I am not sure I see the need 
for a national organization. I seri- 
ously doubt if the economic justifica- 
tion for a national organization exists 
in the eyes of management who 
must ultimately foot the bill for the 
efforts involved. Truly, without deep 
study of the objectives of a national 
society, one could not do justice to 
your question. 

_ There is, however, an overwhelm- 
ing need in all of the drafting indus- 
try. That is, to avoid being swept 
into the situation where minority in- 
terests without comprehension of the 
full scope of our business can estab- 
lish and promote points of view not 
in consonance with the best interests 
of all. : 

Because of the extreme breadth of 
our field, I am sure that no one best 
way exists for us. To organize a so- 
ciety that might lead to ill-advised 
pressures, be they in labor relations, 
military specifications, reproduction 
developments, or whatever else we 
might touch on, would be a serious 
mistake. 

My feelings would be to keep up 
the good work on your distribution 
of news. Let new ideas filter through 
your editorial pages. Maybe your 
readership already is the membership 
of a national society which needs no 
tighter bonds than those you are 
now providing. 


W. W. THomas 


Administrator 

DEP Documentation 

Radio Corporation of America 
Camden 2, N. J. 


Sirs: 

It seems to me there are too many 
so-called draftsmen using the pro- 
fessional aspect of drafting to gain 
recognition in engineering. Too many 
novices claiming to be pros. 

Drafting is what your magazine 
signifies; it is a graphic science with 
areas of specialization more numer- 
ous than most people realize. For ex- 
ample, descriptive geometry is but 
one of the many tools a draftsman 
needs, and yet percentagewise, very 
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few are proficient mechanics in this 
exercise. 

If more draftsmen would become 
expert in their respective fields they 
would have a well recognized or- 
ganization which would grow through 
respect from business and. social as- 
sociates. 

Before draftsmen will be recog- 
nized, organized or not, they will 
have to grow some merit based on 
ability. We need an organization, 
Let’s not build it on sand. 


Witt1AaMmM H. DAMON 


Chief Draftsman 

McCormick Selph Assoc., Inc. 
Hollister Airport 

Hollister, Calif. 


Sirs: 

Your article, “Do we need a na- 
tional society for draftsmen?” in the 
April issue of Graphic Science was 
extremely interesting to us. Of course, 
we believe that the program of The 
American Designers Association is 
the ready-made answer to the ques- 
tion. 

Draftsmen usually have the talent, 
and will, if they persevere and study, 


‘eventually become designers. They 


are welcome to participate in our 
program as associate members. ) 

Our entire program is outlined in 
a manual to be published this Au- 
gust. We will be pleased to send a 
copy to any of your readers who re- 
quest one. A post card with their 
name and address and the word 
“manual’ is all that is required. Ad- 
dress: The Secretary, The American 
Designers Association, Box 3256, 
Grand Central Station, New York 17, 
N, Y. 


Harry R. Best, JR. 


Secretary 

The American Designers Assoc. | 
Box 3256 | 
Grand Central Station 
New York 17, N. Y. 


: 


Sirs: 
My answer to the question “do we 


need a national society for draftsmen™ 
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is yes, but definitely. I personally 
believe Graphic. Science is the one 
biggest step toward unity in our 
field. It is a_ terrific clearinghouse 
for ideas. More draftsmen should be 
encouraged to express themselves on 
their vocation. 

I would be interested in knowing 
of a local or regional ae for 
draftsmen in my own area. 
if there is one. 

I am casting my vote of “kee “p up 
the good work” for Graphic Science. 


FLoyp E. Cooper 


Senior Draftsman 
Maytag Company 


Newton, Iowa 


Training Draftsmen 


Sirs: 
I have read your special May is- 
sue with real interest, since I 
very much interested in education 
and training in the technical 
engineering graphics field. 
Messrs. 
“Draftsmen 


and 


Seymour and _ Soroka’s 


are Made—Not Born” 


I doubt | 


article was informative and well pre- | 


sented. 

There is only one thing lacking in 
this issue which I thought should 
have been included. This thing I am 
referring to is the other facilities 
available to young men who wish to 


am | 


become draftsmen, but whose com- | 
panies do not have a training pro- | 
gram. I believe some time and space | 


should be devoted to those courses 


which are available through techni- | 


cal schools (day or night) and which 
teach drafting only, or which have 
drafting and design as a major part 
of their curriculum. 

If possible, some mention should 
be made of courses available through 
correspondence schools also. I believe 
that a presentation of this type would 
go a long way in informing aspirants 
to the technical fields, as well as 
engineering managers, of the facili- 
ties available. 


A. B. ViEscas 


Engineering Department 
American Machine & Foundry Co. 
23 Mack Ave. 

Shelby, Ohio 
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Types of Technical Drawings 


by Franz Maria Feldhaus 


NE MANUSCRIPT of large size pro- 
Obie by the Nuremberg me- 
chanic and inventor Barthold Holz- 
schuher in 1558 shows a portrait of 
the author. How much importance he 
attached to the compass is shown by 
the size of the one he is holding; in 
his right hand is a ruler. This ruler 
is shown twice as large again in the 
margin of the picture, and is large 
enough to measure all drawings in 
the manuscript. On the table is a 
square in its original form, a set 
square, and a cog wheel. Illustrations 
of cog wheels are also shown in a 
book lying on the ground. Holtzschu- 


her tried to find a good shape for 
cogs to be used for a heavy tank that 
was driven by manually operated 
cranks from the inside. That is why 
he shows on one page how the teeth 
should be drawn. It was not known 
at that time that a circular shape of 
the tooth surface is unsuitable. 

The first printed textbooks on me- 
chanical engineering after 1540 do 
not show technical drawings as such. 
They represent machines in fairly 
well done artistic pictures. The text- 
book on mechanical engineering writ- 
ten by the Frenchman Jacques Bes- 
son about 1569 and published in 


TITLE PAGE 
from manuscript 
of mechanical de- 
signs by Berthold 
Holtzschuher, 
Nuremberg, 1558. 
(Library of the 
Germanische Na- 
tionalmuseum, 


Nuremberg) 
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Graphic Perspective 


This is a continuation of Chapter Ill of an 
authoritative and beautiful book, THE HIS- 
TORY OF TECHNICAL DRAWING, by Franz 
Maria Feldhaus published in 1959 by Franz 
Kuhlmann, K.G., of Wilhelmshaven, Germany, 
as GESCHICHTE DES TECHNISCHEN ZEICH- 
NENS. We are indebted to the publisher for 
the translation, as well as for permission to 
republish this fascinating work. It will be con- 
tinued in this department from month te 
month, until completed.—The Editors. 


1578 after his death indicates the 
four cardinal points on each page 
and repeats these throughout the text 
when explaining the pictures. This | 
was to show the reader where the: 
object being described could be: 
found in the drawing: north, south, 
west, or east, instead of top, bottom, 
left, or right. 

The Italian Agostino Remelli pre- 
sented in 1588, on 195 plates, me- 
chanical drawings in artistic form, 
but they are nonetheless easy to un- 
derstand. In technical books by Lorini 
(1592), Zonca and Zeising (1607), 
de Caus (1615), Verantius (1616) 
and Strada (1617), the same tech- 
nique is used. 

In the scientific journals that ap- 
peared in the seventeenth century in 
England, France, and Germany, many 
purely technical drawings are found. 
Jakob Leopold, once a_ carpenter, 
then theologer and mathematician, 
started the first technical textbook 
which ran into several volumes. It 
was really he who made sober mat- 
ter-of-fact drawings of machinery > 
popular with the numerous plates in 
the eight volumes. In 1760 John 
Smeaton, the versatile English engi-. 
neer, had to make wooden models of ° 
machine parts because the working | 
men could not work from technical 
drawings. 

Graphic statics began with the 
work of Michael Varo who, as muni- 
cipal secretary of Geneva, explained 
as early as 1584 the synthesis of 
mechanical powers. But only in 1864 
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did Carl Culmann establish the 
graphic static asa science, by intro- 
;ducing the push-and-pull curve as 
pressure and tension trajectors. They 
give a graphic picture of the power 
{released in a body when subjected to 


a certain stress. Four years later 
Christian Otto Mohr showed the 
drawn representation of a curved 


line and four years later the art of 
how to represent energy in a plan 
was shown by Luigi Cremona. This 
method is used in building construc- 
tions and named after him. Wilhelm 
Herrmann established the graphic 
Statics of machine mechanisms. 

| More than 35,000 symbols had to 
be drawn for the 3,129 plates repro- 
duced in _ print by Diderot and 
d'Alembert between 1762 and 1782 
in the most important technical work 
in world history, the Encyclopédie. 
The two authors put into practice the 
bold plan of publishing in detail the 
Knowledge and skill of the artisan, 
trader, and technician as clearly as 
had the realizations of theology, 
philosophy, jurisprudence, and the 
art of healing been made known 
earlier. The encyclopédists still pre- 
sented technical objects volumetri- 
cally in exterior as well as interior 
views. Details of machines drawn as 
secondary figures were drawn _per- 
spectively. Draftsmen of remarkable 
ability took a hand in this work. The 
illustrations are therefore exact and 
perspectively very good. The Ency- 
clopédie met with great resistance 
from ruling circles. They realized that 
such a work would enlighten even 
the ordinary man of the lower classes. 
Any enlightenment would strengthen 
the longing for freedom of the indi- 
vidual. Shortly after the Encyclo- 
pédie was completed with the pub- 
lication of its 35th volume, the French 
Revolution broke out which gave the 
middle classes their freedom. Napo- 
leon Bonaparte was right when he 
said that this work had spiritually 
repared the revolution. 

When an artist wanted to show 
buildings, mines, or machines at vari- 
ous altitudes the drawings were fitted 
with folding pictures. Technicians 
may well have copied this method 
from medical men, for they had in 
earlier times made drawn illustrations 
of the human body in just such a 
way. The earliest folding pictures of 
machines may have developed around 
1642. 


(To be continued) 
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See how little difference can be noted between a nearly opaque original (left) and three 
fast, economical diazo copies (right) made with PosT Super Vapo Black Paper. 


New Super Diazo Papers 
Make Prints From Prints 


More uses — 

No longer limited to copying just 
thin, translucent originals, recent 
Post progress in formulating super- 
fast diazo compounds has added a 
new dimension to diazotype repro- 
duction. 

A selection of new Post direct 
positive papers can now handle, at 
reasonable speeds, such problems 
as making prints from discolored 
originals, letterhead correspond- 
ence, or even from old prints them- 
selves—in short, from subjects con- 
sidered too opaque for conventional 
diazo copying. 

In drafting rooms, for example, 
this ability to reproduce from non- 
translucent originals provides a 
unique, low-cost way to copy pres- 
ent engineering forms that may be 
on inexpensive, semi-opaque, sul- 
phite paper. 


More variety — 

The convenience and versatility 
of the whiteprinting process takes 
on new meaning with these impor- 
tant Posr developments. Available 
in sheets and rolls as Super Veri- 
Blac (440-14) for semi-moist diazo 


SENSIT 
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equipment, and as Super Vapo Blue 
(206M-14) and Super Vapo Black 
(208M-14) for dry, ammonia-process 
machines. 

One of the most impressive fea- 
tures of these Post Super Diazo Pa- 
pers is the extra speed in reproducing 
normal subjects, such as engineering 
tracings. There’s no sacrifice of shelf- 
life, image stability, development 
rate or clean backgrounds. The 
printing range is extremely wide. 


More economy — 

Cost is a key word in the consid- 
eration of any new product. Post 
Super Diazo Papers cost no more. 
Further, both large and small users 
will be quick to note that the combi- 
nation of speed and economy basic 
to these new diazotype papers 
make them practical for longer runs 
—even 50 copies—and, less expen- 
sive than other duplicating methods 
often selected for such quantities. 

Ask your POST dealer or write 
Frederick Post Company, 3656 North 
Avondale Avenue, Chicago 18, Illi- 
nois, for Super Diazo Facts. 


IZED PAPERS & CLOTHS * TRACING & DRAWING MEDIUMS * DRAWING INSTRUMENTS & SLIDE RULES 
ENT & DRAFTING SUPPLIES e FIELD EQUIPMENT & DRAFTING FURNITURE 
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Military Engineering Documentation 


by W. S. Hutchinson 


Needed—Better Drawing Copies (Part ID) 


Soe CONTRACTORS have estab- 
lished documentation coordination 
groups. These groups centrally man- 
age all aspects of document prepara- 
tion, reproduction, and issuance. 
Bendix, Convair, and Hycon are ex- 
amples of contractors who operate 
this way. At Bendix, Mishawaka, 
weekly meetings are held by the 
documentation group to trouble- 
shoot problems. At Hycon all docu- 
mentation flows thru the drafting 
and shop liaison engineering group 
for checking and coordination to 
achieve centralized control. 

This firm centralized control as- 
sures that all aspects of engineering 
documentation comply with both in- 
ternal standards and procedures, and 
also with contractual requirements. 
The Bureau of Naval Weapons 
Technical Documentation Group 
meets with the Hycon and _ similar 
contractor documentation groups to 
assure receipt of engineering drawing 
copies and other data that meets the 
Bureau’s needs. 

Convair of the General Dynamics 
Corporation considers control over 
documentation so important that a 
new department has recently been 
established at Convair-Astronautics 
called Change Administration. The 
purpose of this department is to 
administer all change actions affect- 
ing configuration and documentation 
in a manner to assure that deliver- 
able end items and_ spares, their 
technical and operational data, and 
control documentation are correlated 
and compatible. 


DRAFTING STANDARDS 


S° FAR I have been treating draft- 

ing as an important element of 
the whole engineering documenta- 
tion picture. It holds a pre-eminent 
position in the documentation hier- 
archy. The actual techniques of 
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drafting have been long established. 
They are covered by drafting stand- 
ards and manuals by almost every 
company, and within the military by 
a series of Military Standards. We 
find that with the advent of newer 
data-processing techniques for draw- 
ing reproduction, some of the stand- 
ards require revision. This is par- 
ticularly true with regard to micro- 
filming. Consequently, we have at 
the present time seyeral Military 
Standards under revision, notably 
MIL-STDs-1 and 7, to incorporate 
changes in defense requirements. In 
fact, a joint services meeting has 
been called to reconcile recommen- 
dations for improving the quality of 
drawing copies made from microfilm. 

Some of the more important fea- 
tures that are essential to the prepa- 
ration of drawings that will repro- 
duce good copies are: 


1. Limit reduced size reproduc- 
tions to 50% of the original 
size. 

2. Eliminate fractional dimension- 
ing; use only decimals. 

3. Hold letters and figures in the 
body of a drawing to a mini- 
mum size of 8/16", or 38/32” 
minimum in the reduced repro- 
duction thereof. Both dimen- 
sions and tolerances should al- 
ways be the same height. 

4. Employ only upright, open- 
style letters and figures. It is 
especially important to use open 
4’s; and 3’s, 5’s, 6’s, and 9’s with 
open tails similar to that of most 
typewriters. 

5. Maintain spacing between par- 
allel lines, and between lower 
case letters and figures to a 
minimum of .04”; upper case 
letters should be spaced pro- 
portionately further apart. 
Lower case lettering is discour- 
aged. To provide visual uni- 
formity, the spacing of letters 
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. For machine printed letters and |} 


. Weights of lines should con- 


should be adjusted so that the} 
background area between any} 
two adjacent letters is approxi- 
mately equal. 


figures, use none smaller than 
12 point standard pica type, or 
0.166” height. 


form to MIL-STD-2B, _para- 
graph 5.2.5, and MIL-STD-1A,, 
paragraph 5.2.1. Three widths: 
of lines are specified in MIL- 
STD-1A, as follows: For ink} 
lines—thin, medium, and _ thick: 
with width proportions of 1:2:4. | 
For preprinted formats, line 
weights are related to typo- 
graphic point standards as fol- 
lows: Thin (Hairline); Medium 
(1-point, equals 1/72” or 
013837”); Thick (2-point, 
equals 1/36” or .027674”). For 
pencil lines—No specific widths 
are specified in MIL-STD-1., 
The Standard, however, pro- 
vides the following guidance:: 
“Cutting and viewing plane: 
lines are the thickest lines on 
the drawing. However, the: 
thick lines used for outlines and_ 
other visible lines shall be suf- 
ficiently prominent to immedi- 
ately differentiate them from 
lines used for other purposes. 
Hidden, sectioning, center, 
phantom, extension, dimension, 
and leader lines shall be thinner 
than outlines. In selecting the} 
widths of pencil lines, consid- 
eration shall be given to the: 
medium of reproduction — in-: 
volved, in order to insure prop-; 
er reproduction and reduction 
of the thinner lines.” 

A recommendation of the mi-| 
crofim working group for ad- 
dition to this paragraph is} 
“pencil lines regardless of 
width shall have the same con-! 


t 
l 
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trast or degree of blackness 
throughout the line.” The rea- 
son for this is that when pencil 
lines do not maintain the same 
contrast or degree of black- 
ness throughout, they tend to 
appear on microfilm as broken 
lines, or may even disappear 
completely. 

It is best to use as few differ- 
ent pencil hardnesses on one 
drawing as possible. This can 
be extended to widths of lines, 
also, using the minimum num- 
ber of widths, and avoiding the 
very thin and very thick lines. 
The line width contrast of prin- 
cipal importance is that be- 
tween the outline or visible 
lines and the hidden, dimen- 
sion, etc., types of lines. In 
revising drawings, it is impor- 
tant that new lines’ match 
existing ones as closely as pos- 
sible. One advantage of not 
employing heavy lines is that 
thinner lines are easier to erase, 
thus causing less damage to the 
drawing media. It is also advis- 
able to use pencils that can be 
erased easily as heavy or abra- 
sive erasures will remove the 
surface tooth and cause future 
reproduction problems. 

. Many times the original pencil 
drawing is used to make copies 
instead of employing a paper 
negative (Vandyke), because 
the latter is not up-to-date or 
the drawing is being checked 
before approval. 

This practice is not recom- 
mended as it accelerates the 
wear and deterioration of the 
original. It is not necessarily the 
number of times a drawing is 
revised that determines its 
quality, but more often it is the 
number of times that the origi- 
nal has been used for reproduc- 
tion. Careless handling and fil- 
ing of originals or reproducibles 
are major causes of poor draw- 
ing copies. This would include 
folding instead of rolling draw- 
ings (flat filing is preferred), 
bending, dog-earring, spills, dirt, 
not brushing frequently while 
preparing, excessive humidity 
that causes buckling, perspira- 
tion from forearms and hands, 
not covering up finished por- 
tions, using drawing or repro- 
ducible media which tears easily 
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or has poor stability. These are 
a few of the things to watch 
out for. Generally speaking, the 
less time a drawing is on the 
board, the better will be its 
condition. Blue grid lines 
printed on drafting film are of 
considerable aid to the drafts- 
man in laying out his drawing 
and in lettering. 

This is not a comprehensive cov- 
erage of drafting techniques that are 
essential to producing good quality 
drawings from which good drawing 
copies can be made—just some of the 
highlights. 

As a further aid to military activi- 
ties and defense contractors, we are 
preparing a Military Handbook to 
guide draftsmen and _ reproduction 
personnel in preparing good quality 
drawing originals and reproductions. 
This is yet another tool we provide 
to promote good drawing copies. But, 
standards, handbooks, and the like 
are not enough. It’s like leading the 


horse to water—to achieve desired 
results we all must cooperate with 
the drafting and reproduction per- 
sonnel to iron out problems, to as- 
sure ourselves that standards are be- 
ing adhered to, that they are under- 
stood and correctly interpreted. This 
means continuous liaison, coordina- 
tion of efforts, periodic checking, 
proper indoctrination, establishment 
of adequate controls with personal 
follow-ups. By doing all these things, 
we can progressively improve the 
quality level of drawings to a con- 
sistency that meets our needs. Your 
part is equally as important as ours as 
you produce the materials, either 
used for the drawing copies, or in 
making them. In this regard, you 
have a singular responsibility to see 
that your products are utilized to 
their fullest potential; that they fi- 
nally result in the most acceptable 
and most useful end result—engi- 
neering data, the lifeline of tech- 


nology. 


FLOW CHART OF TECHNICAL DOCUMENTATION FUNCTION 


CONTRACT 


CONTRACTOR & 
GOVT. MILITARY 


ACTIVITY 


TECHNICAL DOCUMENTATION 
I. DRAWINGS & LISTS 
2.SPECIFICATIONS (OS. & MIL.) 
3. ORD. PAMPLETS (OP.) 

4. ORD. CLASSIFICATION 
OF DEFECTS (0.C.D) 


5. HANDBOOKS, ETC. 


DOCUMENTATION 
GROUP 


wooctrinaTion MONITORIN 


ASSISTANCE RECEIVED 
BY SPECIALIZED GROUPS 


AUDIT & 
REVIEW 


PERFORMED BY USE OF 


1. CONTRACT 
2. MIL-D-70327 


3. NAVORDINST 5600.14 


CORRELATION & 


REPORTS 


SEMI- ANNUAL 
PREPARATION OF REPORT 


BUWEPS 


INSTRUCTIONS TO 


CONTRACTOR 


NOTE . 


}LLUSTRATES REVIEW OF COMPLETE TECHNICAL DOCUMENTATION PACKAGE, 
PARTIAL PACKAGES ARE REVIEWED i% THE SAME MANNER. 
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After School 


M”™ THAN a thousand graduate 
engineers in the state of Wis- 
consin were queried on their opin- 
ions of the value of engineering 
drawing in the light of their own 
industrial experience. The survey, 
conducted by Michael N. Besel, As- 
sistant Professor, Engineering Draw- 
ing and Descriptive Geometry, Uni- 
versity of Wisconsin, Milwaukee, was 
published in the June 1961 issue of 
the Journal of Engineering Educa- 
tion. 


Reflecting the opinions of only 
graduate engineers actively engaged 
in engineering work, the survey 
showed that only 3.2% thought that 
recent graduates had “more than 
enough” background in engineering 
graphics. The majority of the re- 
spondents were of the opinion that 
recent graduates were receiving suf- 
ficient background in engineering 


Notes & (Comment 


graphics to meet the minimum de- 
mands made of them. 


The majority of mechanical (55.5% ) 
and civil (48%) engineers are of the 
opinion that new graduates should 
have had two semesters of engineer- 
ing drawing. The electrical engineers 
are almost equally divided in their 
opinions concerning the question of 
whether one (39.5%) or two (43.5%) 
semesters of engineering drawing 
should be the minimum requirement 
for young engineers. The same holds 
true for metallurgical engineers, who 
divided 41.2% for one semester and 
43.3% for a two-semester require- 
ment. The majority of all engineers 
agreed that one semester of descrip- 
tive geometry should be a require- 
ment. 


Inking techniques, screw threads, 
and spring representations should, in 
the opinion of the engineers, be 
dropped from the engineering draw- 
ing curriculum. 


Equipment Leasing 
PROGRAM to promote leasing and 


A rental of its equipment is an- 
nounced by Ozalid Div., General 
Aniline & Film Corp. Seven leasing 
and purchasing plans are being made 
available through national branches 
and distributor organizations. Less 
capital expenditures and tax advan- 
tages are cited as some of the attrac- 
tive points of the program. 


Haloid Changes Name 


HE CORPORATE name of Haloid 

Xerox, Inc. has been changed to 
Xerox Corp. The Canadian division 
of the company is changed to Xerox 
of Canada, Ltd. 


Valuable Reference 


He bound editions of 
Graphic Science Volumes 1 and 
2 complete (Oct. 1959 to Dec. 1960) 
are now available at $25.00 each. 


BY-BUK 


PRINTED CIRCUIT 
DRAFTING AIDS 


GROWN UP! 


Time Saving Shapes and Narrow Tape for 
Making Printed Circuit Master Drawings 


Y 


BLACK NO SMEAR Lg 
PRESSURE SENSITIVE TAPE /> twa pans 


“KWIKY-DOT” overlapping Donuts 
and solid Discs for quick and easy 
application. 

Pressure-sensitive Teardrops, 

Twin Pads, T’s, and Corners. 


Black non-stain, non-smudge narrow 
tape in 15 or 60 yd. rolls from 
1/32” wide. Also red translucent 
and black on white. 


WRITE FOR HANDY CROSS REFERENCE 
CHART, PRICE LIST AND FREE SAMPLES. 


BY-BUK COMPANY 


4314 WEST PICO BLVD. » LOS ANGELES 19, CALIF. 


Same Day Shipment is Our Usual Service 


10 GRAPHIC 


PRICED DOWN! 


The all new VEMCO 33/20”. A precision drafting 
machine capable of accommodating drawings as 
large as 34” x 44”, Combining much of the 
versatility, convenience and precision workmanship 
of America’s finest drafting machines, yet Priced 
At Only $59.50, subject to quantity discounts. 


Also available—the Model 3300 
with special disc brake and automatic 15° 
indexing—slightly higher in price. 


Write now for new 4-page descriptive brochure. 


V. & E. MANUFACTURING CO. 
766 So. Fair Oaks Avenue 
Pasadena, California 


SCIENCE JEN AGH 


GRAPHIC 
SCIENCE 


1 Ries PURPOSE of engineering draw- 

ings, everyone will agree, is to 
tell the manufacturing department 
how to translate a design into three 
dimensions and to instruct the cus- 
tomer on how to maintain the equip- 
ment. Traditionally, these drawings 
include a complete, self-sustaining 
list of materials itemizing everything 
by exact quantity and part number. 
This was sufficient when simple items 
"were mass produced in large quanti- 
ties on repeat crders. The drawings 
were complete enough to permit an- 
other manufacturer to start produc- 
tion without inserting additional in- 
telligence or delay into the system. 
But this World War II thinking has 
undergone certain changes which call 
for reappraisal. 

First of all, we aren’t always mak- 
ing simple items any more—we're 
making gigantic, immensely compli- 
cated weapon systems. But, while 
this immensity means a tremendous 
scope of work, the quantity of each 
article of equipment may be very 
small, and often there are no repeat 
orders for these systems. Second or- 
ders often differ from first orders, mak- 
ing necessary new drawings. Often 
there is no chance to debug these 
designs. By the time the first few 
are out the door and all the fixes are 
down on the drawings, the job is 
over and a new job is in hand. 

What about the drawings which 
are supposed to be so complete that 
another contractor can move in, as a 
‘stranger, and produce them? Con- 
_ tracts may still require this, but per- 
haps these requirements should be 
re-examined. If the day ever comes 
that the United States starts losing 
-major war plants to ICBM’s, there 
won't be time to ship drawings to 
‘other manufacturers—the war will 
be over by then. A job will have to 
be done quickly and completely, 
since most manufacturers have proven 
either unwilling or unable to work 
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from another company’s drawings. 

Complex. drawing systems, even 
though proved and carefully filed, 
are simply not used by maintenance 
men in the field. About all that actu- 
ally get used in a given chassis, for 
instance, are the schematic, the elec- 
trical parts list, and possibly the 
connection list. 

Let us look, then, at the present 
typical drawing setup, and see what 
it actually does for us. The usual as- 
sembly list of material contains a 
complete listing of the following: 

1. Quantities of electrical circuit 

parts (resistors, capacitors, etc. ) 

2. Quantities of mechanical parts 
peculiar (chassis, gears, castings, 
etc. ) 

3. Associated drawings (schemat- 
ics, assembly pictorials, etc.) 

4. Quantities of special hardware 
(special body-bound screws, high 
strength bolts, etc.) 

5. Specific quantities of standard 
hardware (standard screws, nuts, 
washers, etc.) 

6. Specific quantities of wiring de- 
vices (cable clamps, ferrules, 
terminals, standoffs, ground posts, 
spade lugs, wire markers, etc. ) 

7. Specific lengths of wiring ma- 
terial (wire—each color code and 
size listed separately—bus, sleev- 
ing, etc.) 

8. Sets of bulk material 
lubricants, adhesives, 
lacing cord, etc.) 

As a production cycle gets under 
way, this engineering drawing infor- 
mation gets worked over very thor- 
oughly by production (assembly 
methods department). Any discrep- 
ancies discovered here, or anywhere 
else in the production department, 
must be fed back to engineering and 
then formally reflected in drawing 
changes. Then engineering is placed 
in the position of having to tell pro- 
duction to make the changes which 
production tells engineering to tell 


(solder, 


anti-sieze, 
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A New Look at Lists of Material 


A controversial proposal for saving time and money that 
deserves consideration by both industry and government 


them to make. And it follows that if 
production can tell engineering this 
information, then production can also 
create the same information in the 
first place. From this, it seems logical 
to state these rules: 

1. Requirements in which errors are 
primarily discoverable by engi- 
neering (resistor values, critical 
ground locations, etc.) should be 
initially specified and, when 
necessary, changed formally by 
engineering. 

2. Requirements in which errors are 
normally discovered by produc- 
tion (hardware quantities, wire 
lengths, etc.), should be initially 
specified (according to engineer- 
ing guide lines), and informally 
changed as needed by produc- 


tion. 


PROPOSED SOLUTION 


A METHOD of streamlining the 
drafting procedure for listing 
certain types of material to meet our 
new need in the government weapon 
system field could be stated thus: 
each individual assembly drawing 
(list of material and pictorial) would 
continue to itemize all electrical parts, 
mechanical parts peculiar, special 
hardware, and special wiring mate- 
rial associated pictorials; would de- 
lete all reference to standard hard- 
ware, wiring items, and bulk mate- 
rial; and would list references to a 
standard project assembly specifica- 
tion and wiring specification (each 
with a drawing number). 

A standard assembly specification 
drawing lists drawing numbers (no 
quantities) of all standard hardware 
(in terms of part numbers) items to- 
gether with specific rules for their 
selection and installation. 

A standard wiring specification 
lists drawing numbers (again, no 
quantities or lengths) of all standard 
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ASS MOLY SPECIFICATION 


1. SCOPE: shen referenced by an Assembly Drawing, this Assembly Specification 
supplements such Assembly Drawing to specify the selection and installation of 
certain items of hardware which are itemized herein and which are not itemized 

on the Assembly List of Material. Where the requirements of this Assembly Speci- 
fication conflict with those of the ‘sembly Drawing, the Assembly Drawing shall 
governe 


2. HARDWAREs When the governing Assembly Pictorial indicates the requirement 
for an attaching hardware assembly as shown in Figure A below, hardware of the size 
indicated (in the illustration, #6-32) shall be selected and installed in accord- 
ance with the requirements below. 

: 76 
Fipure A + 4% 
2.1 SCREWS shall be selected from the drawings listed in Table D. Table D shall be 
used as a guide in selecting specific screw part nurbers(and implicit lengths). 
Where special recuirements or tolerances buildups cause conflict between par 2.1.1 or 
21.2 and Table D, par 21.1 or 2.1.2 shall govern, 


2.1.1 Screws in through-thread applications shall provide a minimum projection of u 
threads and a maximum projection limited by the next larger standard length beyond the 
nut or mating thread. This requirement does not apply to the threads of mounting studs 
which are integral with a part.(E.¢3 Transformer mounting studs) 

2.1.2 Blind Tapped Hole engagement. shall conform to the followings 


a. In Non-Metals -= 3 times the screw diameter or 75% of the threaded depth of 
the hole, whichever is less. 


b. In Metals -- 14 times the screw diameter. Table D, Fig. 5 thru 9 have been 
“computed” on this basis. 


2.1.3 Mrection of Mounting shall provide for thread projection into the inside or 
wired side of chassis enclosures wherever possible. 


2.2 NUTS shall be selected from the following table B: 


Hex Nut, Steel,Cadmium ea Hex Nut, Stainless Steel (16-8) 
Complies with MIL-E-)158 Complies with MIL-E~16L00 


| roatingattntatre | 
Ra Sasa 0 EET: ewes a 


2.2.1 Non-Locking Nuts shall be used throughout except as noted in 2.72. Note that 
Table D is based upon the use of non-locking nuts. 


FIG. 1—Page 1 
of suggested 


format for as- 
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2.262 Self-Locking Nuts shall be used mly to mount miniature tube sockets, relay sockets, 
DPD or DPX type connectors and similar applications in which standard pattern nuts and 
washers will not fit. See Table D, Figure kh. 


2.3 WASHERS shall be selected from the following Table C, 


Lockwasher, Split | Lockwasher, External Tooth 
R Monel Phosphor Bronze, Tinned 
22s oe ame =35395=71_ amis 


a ech albenmanra tthe wha eas, 
BP rast eset pee} J 


2e3el Flat Washers shall be used under the following conditions, (See also Table D, 
figures ©, 3, 6, andll, 


a. To provide bearing surface over slotted op enlarged holes.(i ej larger than the 
standard multiple clearance holes .147 for #h, .173 for fy 0199 for AB, 
+228 for #10, .297 for 4) 

be To protect soft materials or painted surfaces from sarew heads or lockwashers, 
except that no flat washer shall be used between a screw head and a painted 
surface when the screw is not turned in removing the part which it retains. 

Ce To protect any surface from a screw head or lockwasher which must be removed 
or aiotested In normal maintenance. This includes aluminum surfaces in 
outdoor applications. 

2.32 Split Lockwashers shall be used to secure non-locking nuts in all standard 
screw assemblies and to secure screws in fixed, tapped holes.(except for flat head 


screws and as noted in 2.3.3) See Table D, Figures 1, 2, 3, 5, 6, 9, 10, and 11 


2.363 External Tooth Lockwashers shall be used between ¢round poste (or other parts 
requiring a secure electrical contact) and the mounting surface. 


2e3e Staking Compound (RCA 2016075-1, applied per Manufacturing Specification 2020342) 
shall be applied to permanently installed setscrewe and to flathead screws which 
cannot be secured by a lockwasher or lockmt. See Table D, Figures 7 and 12 


hens HARDWARE SUPPLIED WITH VENDOR PARTS shall be used as supplied unless otherwise 
spe (Ted. 


2.5 FASTENERS EXPOSED ON UNIT EXTERIORS 


2.561 When manipulated in normal maintenance such fastener shall be designated by 
marking an anular ring on the surface surrounding the fastener. The fastener itself 
shall retain its standard finish. 


2.562 When Not Rank wiated in normal maintenance such fastener ahall be finished to 
to matc e surro’ € surface. 


THESE DRAWINGS AND SPECIFICATIONS ARE THE PROPERTY 
OF RADIO CORPORATION OF AMERICA, AND SHALL NOT BE 
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wiring materials together with rules 
for selection and installation. 

In each case these listings would 
appear once, rather than repeatedly, 
on each individual list of material 
and pictorial. Fig. 1 shows a sug- 
gested format for the assembly spec- 
ification. Fig. 2 shows a suggested 
format for the wiring specification. 


ASSEMBLY AND WIRING 
SPECIFICATIONS 


NGINEERING DRAFTING effort on 

the initial preparation of lists of 
material and assembly _ pictorials 
would be reduced by nearly 30%, 
since none of the standard items has 
to be specifically determined, listed, 
or located on individual drawings. 
Mechanical assembly pictorials would 
be simplified by the removal of a 
large number of the standard hard- 
ware callouts (leaders and balloons). 
The preparation of instruction book 
drawings would be greatly simpli- 
fied, and subsequent engineering 
change effort on assembly pictorials 
and lists of material would be re- 
duced by 40%. 

At present a large percentage of 
all such changes are required merely 
to correct picayune errors. The re- 
maining changes would be corre- 
spondingly expedited because they 
would not have to compete for the 
time of engineers, draftsmen, draft- 
ing clerks, etc. Those involved in the 
changes would be production control 
and ordering clerks, cost estimators, 
accountants, expeditors, and others. 

Blueprint costs would be reduced, 
deliveries expedited, and files con- 
densed through reduction in bulk of 
the multitude of lists of material. De- 
sign release schedules would be ex- 
pedited by the proposed innovation, 
where in the past final production 
release has been delayed, awaiting 
the detailed itemization of all hard- 
ware and wire information. The con- 
fusion, duplicate ordering, and large 
volume of paperwork inevitably re- 
sulting from partial and conditional 
releases would be minimized when 
lists of material contained only the 
essential peculiar items of procure- 
ment in one clean release. 

Currently, a change in hardware 
or wiring standards can trigger a fan- 
tastic quantity of paperwork in en- 
gineering and in production, the cost 
of which is many times that of the 
material involved. The recommended 
alternate would permit such a change 
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by a single, comparatively simple re- 
vision to the one standard assembly 
or wiring specification drawing. 

Efficient bulk ordering would be 
facilitated by the use of standard 
hardware and wiring specifications 
for all assemblies. Delays in produc- 
tion due to the time required for a 
formal drawing-change approval from 
engineering would be eliminated, 
since the change action on standard 
items becomes the responsibility of 
the assembly department. The final 
drawing cleanup, required at final 
inspection of the first production as- 
sembly, could be eliminated or at 
least greatly simplified. 


How Ir Can BE Done 


eg gu CTION (assembly methods) 
is facilitated to select quantities 
and lengths of the standard items 
initially required. They _ presently 
must check most of these items any- 
‘way before release to the assembly 
floor. Schedules permit this selection 
and procurement (mostly short-term 
items) during the purchasing and 
fabrication cycles, before assembly. 
As the job progresses, assembly meth- 
ods advises production control (in- 
formally and directly instead of via 
design engineering and the change 
cycle) of any necessary adjustment 
in quantities and types of material. 
Production control extends the list 
of items which are bulk ordered and 
maximum-minimum stocked, obtain- 
ing bulk quantities from assembly 
methods instead of exact quantities 
from design engineering. Adjustments 
in quantities and types also come, 
from methods instead of design en- 
gineering, through the course of the 
job. The usual process of requiring 
formal correction to the lists of mate- 
rial before official factory action can 
be taken has always been _bottle- 
necked by the engineering change 
cycle. Yet necessary information can 
be obtained on-the-spot from a 
methods engineer if the traditional 
system is changed to permit it. 
Purchasing procures economical 
bulk quantities of material to replace 
stock-room depletions rather than or- 
dering fixed small quantities. This 
policy becomes even more advanta- 
geous as integrated DoD general de- 
sign specifications become more and 
more tied to AN and MS drawings, 
and concomitantly as projects require 
fewer and fewer different types of 


standardized material. 
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3s STANDOFF TSR“INALSs When designated on the f 

Pe 4 d governing ‘ssembly Pictorial hy : 
reference estenation in the form "E12(I)" (I.es "Terminal A2, revchatean ener aad 
RCA L&E0L1-10 shall te installed in accordance with ?.1,2.b./Table D,46-32,Fig. h. 


he CROUND POST TERMINALS: When designated on the governing Assembly Pictorial by 

Shr btay Seeeneren n the form "E13 (7)" (I.es; "Terminal #13, Ground'), terminal 
2: LP Thel 5) e installed in accordance with 2.1.2.b. . 5 

are indicated by Table D, #4-l0, : oi aah oe eres 


Ly CALE SLAMPS shall be installed as sugested on the Assembly Pictorial or as 
determined at Assembly. Clamps shall be ‘installed near each cable bend and major 
cabling break out. Clamp sizes und quantities shall be such as to prevent undue move- 
ment of the cable durin- handling, maintenance and operation. Cable clamps shall be 
sclected from the following Table E. 


Cable Dia Plastic 


Sable Clamp 
Part Number 


— 
Cable Dia Metal 
Cable Clamp 
Part Number 


MS ~-25282-2P 


= 


-21 
22 
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TAPLE D The following figures and table shall be used as a guide in the selection 
of screws by length from the drawings indicated: (# see Par 2.3.h.) 


Fig 1 2 ny 
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(Part Dash Number) 


6=32 P91 3-7 


8514379 £977827 


Hex Head Bolt 
NAS 501-4 


ee ee 
32 [FEL LIL [8977809 12 


Ww 
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2. WIRING COM. 


JLSICATION 


When referenced by a Wiring Connection idst, this Wiring Specification 
supplements such \/iring Sonnection Idst to specify the selection and installation 
of certain wiring and wiring devices which are itemized herein and which are not 
4temized either in the \iring Connection list or in the Assembly List of !aterial. 
Where the requirements of this Wiring Specification conflict with those of the 
Wiring Connection List, the Wiring Connection list shall govern. 


sample shown Tn Pigure IT. Significance of columns is as follows: 


line: 


Printed in numerical sequence on each sheet. 


HCTION LIST referencing this Wirin; Specification will conform to the 


The complete identification 


of any conductor is thus (page number) = (line number) of its first entry. 


Code: 


Refers to one of the following: 


a. Reference designation of an electrical part mounted point-to-point between 
terminals. Such parts are itemized in the governing Assembly Idst of liat'l. 

Item numbers less than 100 refer to wire part numbers itemized 

Item numbers higher than 100 refer to nonestardard wire 


b. Wire Iten. 
in ial I below. 
itemized In the governing Wiring Connection List. 

Color Code/Part ‘umber of the wire itom. 

"Part tumber" column shows no definitive part = dash number, 


In Table il, when an item in Aa 


the "oo/.ii" 


number shall be used to complete the identification of the wire item. “cE; 


Code 11, CC/PN a means RCA 999101-9) (AWG 


with standard color/number convention. 


422, White base, yellow stripe wire) 
The coler code of the wire tracer may also be read form the CC/Pi in accordance 
To confine this entry to two digits, 


the base number (9ewhite ) is omitted from the CC/i'l] of double stripe wires. 


E.gy "02" implies "902", 


Refers to the method of terminating the wire. The termination figure consists 


of two characters, significance of which is indicated below: 


See also the reference Table III herein. 


First Character (alphabetical refers to the method of securing the conductar 


In accordance with the specifications appearing in Table IV 


Fig type of termination 


Solder G Hypen Socket 
Flanged Spade H Crablok Ferrule 
Ring J Coax, Modulok, Plug 
Right Angle Ring 
Flag 

Taper Pin 
Hypnen Pin 


YmvaAwPSst 


Fig Type fo termim tion 


K Coax, Modulok, Receptacle 
L Coax, Connector, Plig 
M Coax, Connector, Receptacle 


Second Character (Numerical) refers to marking or shield termination in 


acco; ice the specifications appearing in table V 
Fig Sleeve or terminater 

© sleeve or nator 

Marker Sleeve 

Plain Sleeve 


Grounded Terminator Ferrule for Shielded or Coax Wire == with Marker 
Grounded Terminator Ferrule for Shielded or Coax ‘4re =-- no Marker 
Plain Terminator Ferrule for Shielded a@ Coax Wire - - with Marker 
Plain Terminator ferrule for Shielded or Coax Wire -- no Marker 
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WIRING 


To: 


SPECIFICATION 


Wire Route: 


Remarks: 


FIGURE I SAMPLE CONNSCTION LIST 


CODE IDENT NO. 4967) 


(Continued ) 


secured. 


feference Designation and terminal number at which one end of the wire is 
"from" entries are listed in alpha-numerical sequence. 


An asterisk 


(*) indicates that the wire has been listed previously (This will occur when 


the "To" entry is alpha-numerically smaller than the "From" entry. 


is listed twice, once from each end.) 


Each wire 


When the "From" entry is that of a connecting element, the next line in the 


"From column will show, in parentheses, the reference designation of its mate. 


E.g;  A7Pl =-1 Assembly 7, Plug 1 = pinl. 


(A3J1)-2 (Mates with Assembly 3, Jack 1)- pin 2, 


Note that the pin numbers apply equally to both plug and jack, 


but that wiring for A3J1 will appear on the Wiring Connection 


list for "A3" Assembly. 


"To" entries are not alpha-numerical in sequence. 


Reference Designation and terminal number at the opposite end of the wire. 


Follows the cable leg designations shown on the Assembly Pictorials 


of Function: Refers to Logic Diagrams and Maintenance Block 


Lead poet eoation iene H 
agrams. lot a 3 @ Manufacturing information, 


In Figure I, lines 22 thru 25 


Code to associate related conductors. EH.eg}3 


represent the first, second and third condustors and the shield respectively 


of a twisted triplet, shielded cable. 
The next associated grouping would bear the code AAB, etc. 


They are asscciated by the code AAAs 


se 
Pig | Route lead 


Designation 


Name of Function | Remarks 


ical Cabinet From/To list 


2 SP=16TX-ACQ MODE 


2 SP=16TX= (=e 
02 | a1 ATP1-1_| AQTB2=12] HL ACG NOE 
— | 93'[ £2 | (a3J2)=2\ a7P2-2 
= =e | ATP2=16 
mT TB1- A2KA5=1 
Bail "a TB1=2 | A2XAS=2 
3| 1] Tp- 
Ss 
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of suggested 

format for wir- 
ing specification. 
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Maximum-minimum stocks are ex: 
tended to include more items anc 
controlled stocks will be correspond) 
ingly reduced. These items are dis: 
tributed on a more flexible basis thar} 
formerly in order to support assem) 
bly floor requirements, 

The assembly floor refers standaltt 
hardware and wire problems ta 
methods instead of engineering. This 
alleviates the old communications 
problem of contacting engineers anc 
getting them onto the floor to follovw 
their jobs. 

Quality control inspects finishec 
assemblies to drawings which do no} 
tie quality down so rigidly to exact 
nut and screw requirements, bu; 
permit inspection for more significan, 
intent-type items. 

The provisioning parts breakdowi 
conventionally lists under each asi 
sembly indenture the exact pari 
number and quantity of each part i 
that assembly—a direct copy froni] 
the equipment lists of material. Tha 
quantities are then totaled for eacl 
item in the entire equipment, multilj 
plied by a guide-line factor, and th 
standard hardware and wiring item 
are rounded off to the nearest hun; 
dred (or gross) and bulk ordered fo: 
spare part requirements. 

This same end result may be ap 
proximated, however, from the ac# 
tual quantities consumed on the floo 
during the equipment manufacturing 
cycle—and this is entirely possibl 
(even facilitated) by use of the ass 
sembly and wiring — specifications 
The further desirability of this latte: 
method may be seen when we co 
sider that the items involved are 
nuisance items with standard usag: 
throughout the equipment and th 
the number of entries on the PPI 
will be reduced approximately 30% 
by the elimination of the many same¥ 
as-above items now required. 

The illustrated parts breakdowr 
conventionally depicts each assemblh! 
by an exploded, isometric view witl 
federal stock number callouts for 
each part. Assembly and wiring speci 
ifications can be translated into milil 
tary logistics terminology, — reprai 
duced in the maintenance handbook! 
and implemented in any easy-to-usi 
manner. Maintenance men in 
field can be provided with a kit o 
these standard items, replenishab 
cut of local standard stock, togethe 
with a simple set of rules and tool 
for their application. The conver 
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tional method treats a #6-32 screw 
with the same formality as a special 


tr ansfor mer, 


requiring reference to 


an illustrated parts breakdown to find 
the FSN of each item in an assembly, 
and a trip to a stock room for its pro- 
curement. Actual practice in the field 
most certainly bypasses such a pro- 
cedure. 


MiLIrary SPECIFICATIONS 


4 eae DRAFTING specifications 


present a problem. There ap- 


pear to be three distinct situations in 


this regard: 


Z. 


DUILY, 


The R&D program which re- 
quires no engineering data sub- 
mission, or at most an informal, 
abbreviated submission. In_ this 
case, contractor drawings need 
be only complete enough to 
meet internal procurement re- 
quirements. Therefore the as- 
sembly and wiring specification 
technique may be used without 
restriction. 

The semi-formal end item pro- 
gram which does require engi- 
neering data submission, but for 
which the military agrees to 
waive the requirement for docu- 
mentation of exact part number 
and quantity of certain standard 
items for each application in 
each assembly. In this case, the 
assembly and wiring  specifica- 
tion will suffice for design, equip- 
ment procurement, and_ engi- 
neering data submission. The 
procuring service, however, must 
relax the logistics documentation 
requirements to the extent dis- 
cussed previously. The procure- 
ment document, of course, must 
reflect the relaxation—or a waiver 
obtained very early in the pro- 
gram. RCA has worked with the 
the U.S. Marine Corps on the 
AN/UPS-1 on just this basis. The 
results have been extremely grat- 
ifying for all concerned. 
Formal, full-scale program re- 
quiring complete adherence to 
all drafting and logistics docu- 
mentation requirement. When 
the procuring service refuses to 
allow any relief in these areas, 
the assembly and wiring specifi- 
cation technique can still be 
used to good effect during the 


equipment procurement phase. 


The assembly department can 
be allowed full latitude to select 
and install suitable standard 


1961 
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WIRING SPECIFICATION (Continued ) 


DLE 7 
TA Il List of Standard Wire Items, Wirdng Connection List "Code" entries refer to 


ems erein,. PN" entries complete part-dash-numbers incicated by"#, 
oce Wire Size] Type of Wire Strands Pa umber | Equivalent | Voltage 
a7 = Purch Spec | Rating 
=+ AWG. oo 1/0290] 2010105-22 — 
=: teas c— __1/.0320 -20 
: 1/,040 -18 


20 


-16 


R AWG, 22 | Hookup Wire, PVC Jacket : 0100] 999101- # 
ch an 20. ke a oS 601261 999102— # 
: ieee ; ities |. 999103—= # 
@. 20 et eee eee O26 | 9991 ¥— 
+ = : _— |-A9/.0100 | 999107- 
ie aaa, __| 26/,0100 eee % 


__.. _(Wtite only) _ 
a _|Mookup Wire, High Voltage _ 
_10 

WG, 2 
: Ga 22_| iioolcup Wire, Shielded 


= eee a its es Ee 
ie asta Pair, Plain : 
stam 


= 


u 
66 | Ab 


*See Wiring Connection abet for — ee dash number. 


avSame as *, except o 
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WIRING SPECIFICATION (Continued) 


TABLE III Wire Fimction vs Color Code 
(Same as 893425 Sheet 4, except brought up-to-date with MIL-STD-121) 


TABLE IV Wire Termination Fi st Wiring Connection list "Fig" (lst character) refers to 
Items herein. 


Fig "=" Solder 
ee Wire (Per Connection List / Table II) 
Solder to the specified Marker or sleeve (If specified by 
terminal point, (Per Connection dst / Table V) 
MIL-S-16872, using RCA 
2010858=1 Solder ) 


Terminal ed Spade, Solderless, Pre-insulated 


Dorminal eg Oe | eee aes 


ed on wire 
oa RCA 2020306) 


Fig At 
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WIRING EPECIFICATION (Continued) 


Table V1 Sleeve and Terminator Figures: Wiring Connection List "Fig" (second character) 
entries refer to the iteme herein: 


Fig - : No Sleeve cr Terminator reoulred. 


Fig 1. Wire Markers for cabinet and chassis wring shall be made from lengths (either 
J.) = .1 or 0.6 © .1 inch) of sleeving selected from RCA2010823. The part-dash- 
numbers (and implicit diameters)shall be seleoted from table below. Each marker 
shall be permanently and legibly marked with the number of the terminal of the 
part at which the wire is to be terminated. (E.gs Wire terminating at R21, 
terminal 2 shall be marked "2"'), 


Fig 2 Sleeving for electrical protection of terminations shall be selected from RCA 
OLSeT as in Figure 1 above, except that no marking shall be applied. 


Wire | Sleeving Part-dash numbers to be used with various wire combinations: 
Code | Single wire 
20108 23-451 
452 


1 or 2 on £935197 Relays use 460. 1 or 2 on 759338 Relays use 159 
1 or 2 on 759338 Relay: or on 430351 Lampholder; use 159. 
1 or 2 on 8935197 Relays use 460 


*Apply only to protective sleeving (Fig 2). Markers are specified in Figures 


THESE DRAWINGS AND SPECIFICATIONS ARE THE PROPERTY 
OF RADIO CORPORATION OF AMERICA, AND SHALL NOT BE 
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WIRING SPsCIFICATION 
TABL2 V: Sleeve and Terminator Figures (Continued) 
: Terminator Ferrule, Shielded or Coax, Grounded, With Marker 
i No Marker 
" Ungrounded, With Marker 
" No Marker 


(This Pictorial Applies to Figures 3, h, 5 and 6) 
Center Conductor 
Ferrule 


Cntr Cond Saou 
e (Made 
NERZO1010%-20) 


Wire | Shield Term| Cntr Cond Fl ie deed mbt 3 & 5 only) 
Code | Part Number] Part Number 
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the drawing index is simplified. 


/ 
i 


| 
hardware, wire, and wiring de- 
vices without the need for for- 
mal internal documentation. At 
an appointed time later in the; 
procurement cycle, however, @ 
liaison program can be set up to 
provide feedback of actual us+ 
age from the assembly depart- 
ment to drafting. At that time, 
the drawings can be completed 
for input to the documentationr 
groups. The important point here: 
is that usable engineering draw- 
ings can be released for procure-: 
ment at a much earlier time and 
the factory is relieved of abouti 
15% of the usual paper work. If 
the detail logistics documenta-. 
tion must be generated concur~ 
rent with the equipment, thenr 
the assembly and wiring speci- 
fications can still be used as at 
manufacturing and __ inspectionr 
guide, allowing the assembly de- 
partment to proceed in spite of 
detail drawing errors and t 
feed back the discrepancies to¢ 
engineering drafting without 
holding up production. 

The drawing index, itemizing alll 
drawings to be delivered on the con- 
tract, still itemizes the drawings of 
all the parts involved. In the cases 
of the standard attaching item draw~ 
ings, they will be listed completely, 
on the assembly specification (once), 
rather than on the individual lists off 
material. Thus, the preparation off 


SUMMARY 


ie LINE WITH industry's general costi 

reduction programs, this proposal 
deserves serious consideration i | 
by industry and by the military. It 
can save a great deal of time andf 
money for all activities. 

The use of an assembly and wiring: 
specification holds particular promises 
of saving on low quantity, delivera~ 
ble prototypes. It is time to stand 
back and look at our situation realis— 
tically, not only as contractors trying: 
to make a profit, but as a country) 
trying to survive. And revising at 
little thing like a list of material ist 
one way to start doing it. 


The Author 


D. P. Srmonton is manager of de-+ 
sign support services at RCA’s Mis 
sile and Surface Radar Engineerin 
Plant in Van Nuys, Calif. 
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7 FUNCTIONAL DRAFTING 


The draftsman must convey information in clear 


unmistakable terms —his operations may be made 


more efficient; they cannot be made ‘simple’ 


S ix years ago the design and draft- 
ing department of Ebasco Ser- 
vices Incorporated, New York, a firm 
of engineers, constructors, and man- 
agement consultants, inaugurated a 
erash program designed to streamline 
its drafting operations. The initial 
step—and the one which proved to 
be the backbone of the operation— 
was the introduction of what was 
then known as simplified drafting. 
It was a new concept in a tradition- 
bound field and consisted essentially 
of a more efficient method of delinea- 
tion in which every line and every 
letter on a drawing was put there 
r a practical and necessary purpose. 
Under no circumstances did this im- 
ply that the all-important element of 
clarity in a drawing was to be sacri- 
ficed. Today, this method is referred 
to as functional drafting, which is a 
much more appropriate designation. 
The operations of the draftsman may 
be made more efficient; they cannot 


be made simple. 
Wuy FuncrionAL DRAFTING? 


HE PRIMARY PURPOSE of func- 
+ tional drafting is to reduce costs. 
There are, however, two important 
corollaries to this statement. They are 
(1) the conservation of manpower 
and (2) the maximum utilization of 
creative brainpower. By the elimina- 
tion of wasteful drafting operations, 
more men are made available to per- 
form the essential, creative functions 
that go into the preparation of a 
drawing. The end product of the 
draftsman’s effort is not the drawing 
itself, but the structure which will 
be built or the product that will be 
manufactured from that drawing. It 
is a means to an end and as such 
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should be stripped of all unnecessary 
frills and artistic effects which serve 
no constructive purpose. This type of 
economy is particularly important in 
this modern technological age which 
demands the most efficient use of 
technical manpower. Furthermore, 
with construction projects growing in 
magnitude and complexity and with 
costs becoming more and more criti- 
cal, draftsmen must devote more of 
their time to creative thinking, thus 
improving their productivity and 
value to their organization. 

From several typical jobs it was 
determined that the total engineering 
cost was divided as follows: general 
engineering 30%, and design-drafting 
70%. These proportions will vary 
among organizations depending upon 
their method of work division and 
job classification. The dividing line 
between engineering and drafting is 
often quite flexible and indetermin- 
ate. In some instances, a considerable 
amount of engineering work may be 
performed by the drafting depart- 
ment and the cost charged against 
drafting. In other instances, the re- 
verse may be true with a resulting 
lower percentage of total cost at- 
tributed to drafting. However, the 
important point is that, under ordin- 
ary circumstances, the larger portion 
of the engineering cost of a project 
is subject to sound cost reduction 
methods such as functional drafting, 
with resultant savings that can be of 
substantial portions. 


ORGANIZATION AND TRAINING 

HE DESIGN-DRAFTING department 

at Ebasco is headed by a super- 
intendent and is divided into five di- 


visions: architectural-structural, con- 
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crete-hydraulic, electrical, mechani- 
cal, and industrial—each with a divi- 
sion chief in charge. The staff in 
each division is divided into squads 
of proper size to suit job require- 
ments, and each is supervised by a 
squad leader. The squad is composed 
of designers and draftsmen. 

As the program began to take 
shape certain individuals in each di- 
vision, in addition to the supervisors, 
were selected and trained in the 
practices and principles of functional 
drafting. These specialists were care- 
fully chosen by personality, tempera- 
ment, and know-how, to help sell 
this new concept to the design-draft- 
ing department personnel. 

A motion picture entitled “The 
Principles and Concepts of Func- 
tional Drafting” was acquired to 
facilitate the indoctrination of newly 
appointed designers, draftsmen, and 
engineers. 


PuTTING THE PROGRAM INTO EFFECT 


HE FIRST STEP was to obtain the 

support of top management, since 
resistance to the new look in drafting 
was anticipated not only from the 
designers and draftsmen, but also 
from other departments within the 
company. Some difficulty with the 
construction department, particularly, 
was expected, but none was encoun- 
tered. It accepted the program in 
principle because it was aware of the 
benefits to be derived by the field 
forces in working with drawings de- 
void of unnecessary details and su- 
perfluous linework. It was empha- 


1 Produced by Industrial Education Institute. 
Technical Supervision by Paul B. Davis of 
Ebasco Services Incorporated and Don Fuller 
of H. K. Ferguson Company. 
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BEFORE-—Exterior building eleva 
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L.P ROAD ELEV. 4345.00' 


drafting program. 


Fig. 2 
AFTER-—The same elevation with 
the principles of functional drafting 
applied. 
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sized that all details essential to con- 
struction would be shown and shown 
clearly without any possibility of 
misinterpretation due to the use of 
functional drafting practices. 

The task of indoctrinating the de- 
sign and drafting personnel was then 
begun. Here the initial reaction was 
exactly as anticipated. The program 
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HANDRAIL 
E- 113546 
an 


| = 


TAIL/RACE 


met with resentment and _ resistance, 
but only for a comparatively short 
period of time. It was gratifying to 
see enthusiasm develop as the aims 
and objectives were more fully real- 
ized and appreciated by the de- 
signers and draftsmen. 

The basic principle followed in 
teaching functional drafting was the 
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6 SPACES @ | 20'-0"= 120'-0" 
6 


== 
5 


concept of maximum utilization o 
creative ability. Drawings should 
show only that which is essential ti 
their end use. The draftsman mus 
satisfy himself that every line on hii 
drawing is necessary and meaningful) 
There is no place on the function ! 
drawing for repetitive details, pic 
torial elaboration, excessive cro 


JULY, 1965 


p35) 2e 


Fig. 3 
BEFORE—An example of the old 
method of showing a turbine pedes- 

tal cross section. 


ST ie eae 
aE 
| pee eh t 
7 = 


hatching and shading, superfluous 
sections and details, the full presen- 
ation of a view that is symmetrical 
about a center line, double lines to 
present structural steel elements, 
iping, handrail, bolts and nuts. 

It is virtually impossible to circum- 
scribe with a given set of rules the 
specific limits within which a func- 
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Fig. 4 
AFTER—A functional drawing of 
the same pedestal using symmetry 
to eliminate unnecessary drafting 
and make it easier to read. 


PIS & PI7-LOWER R 


tional drafting operation can be per- 
formed. This is purely subjective and, 
although some samples can be illus- 
trated, the operation rests mainly 
upon the thinking of the individual 
along the lines laid down previously. 

Fig, 1 shows the exterior building 
elevation at the start of the func- 
tional drafting program. The masonry 
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work is shown in detail with the du- 
plication of typical items. Fig. 2 is 
the same elevation with the princi- 
ples of functional drafting applied. 

Figure 3 is an example of the old 
method of showing a turbine pedes- 
tal cross section. Fig. 4 is a functional 
drawing of the same pedestal using 
symmetry to eliminate unnecessary 
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drafting and make it easier to read. 

Of course, as in all new under- 
takings, discretion must be used in 
the application of functional drafting 
restrictions. As an example, though 
shading, cross-hatching, and symbolic 
material designations are normally 
not used on the functional drawing, 
they may be used sparingly in a com- 
plicated detail to outline the compo- 
nent elements more clearly. 


STANDARDIZATION 


HE DEVELOPMENT and_publica- 

tion of a good set of design and 
drafting standards, or design guides 
as they are called at Ebasco, were 
essential to the new program. The 
use of the term guide rather than 
standard was established to give 
some assurance to the engineering 
department that, subject to the ap- 
proval of the chief engineer, changes 
and deviations from the published 
guide could be made if deemed ne- 
cessary. Maintaining the design 
guides on a current basis is a con- 
tinuing project since they are revised 
and amended and new ones are 
added as technical developments 
may dictate. With the publication 
and distribution of the design guide 
books and the application of the 
many drafting standards contained 
therein, the drawings took on a new 
and distinctive look that made them 
recognizable as a product of Ebasco. 
There also followed a substantial re- 
duction in design and drafting costs 
due to the elimination of time-con- 
suming research on details which, 
though they could have been satisfac- 
torily repeated from job to job, were 
often changed. 


Copies of the actual design-guide 
sheets of certain standard items are 
sometimes sent to the fabricator in 
place of the drawings that would 
ordinarily be required. On large, 
complicated jobs manufacturers for- 
merly submitted wiring diagrams for 
approval which were carefully 
checked by Ebasco and coordinated 
with other manufacturers’ diagrams. 
Checking these manufacturers’ draw- 
ings in such detail was a major and 
expensive procedure. Control wiring 
diagrams, outside of the  cuntrol 
board, are now prepared by Ebasco 
and sent to the manufacturers. It is 
their responsibility to follow these 
diagrams and only a brief review of 
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their drawings is made when they 
are submitted for approval. 


ALLIED ECONOMIES 


Gee INVESTIGATION, it was found 
that the standard size Ebasco 
drawing did not conform to standard 
width reproduction paper, resulting 
in unnecessary waste. This was 
promptly remedied by changing the 
standard drawing size to make it 
conform. 

The extensive use of adhesive 
overlays (appliques) for details, title 
blocks, general notes, listing of ref- 
erence drawings, etc., was made an 
essential part of the program. Many 
of these are reproductions of applic- 
able design guides. 

Among other aspects of the pro- 
gram, a new emphasis was put on 
work schedules in order to hold 
emergency overtime requirements to 
a minimum. Time consumed in locat- 
ing needed drafting equipment was 
substantially reduced by furnishing 
all drafting rooms with modern mate- 


rials of good quality. 


Some RESULTS OBTAINED 


ees DRAFTING has _ thor- 

oughly sold itself at Ebasco and 
yet it would be folly to say that all 
of the economies stem from using 
one line on a drawing in place of two 
or three. Of greater importance is the 
fact that functional drafting en- 
courages an individual to think cre- 
atively and in so doing makes him a 
more vital part of the engineer-de- 
signer-draftsmen team rather than a 
mechanical cog in a wheel. The proof 
of the effectiveness of the program is 
the very substantial reduction in 
man-days per drawing that has been 
achieved. The establishment of a 
cost-conscious atmosphere in the de- 
sign-drafting department has paid 
excellent dividends. Everyone is con- 
stantly on the alert to the possibility 
of finding a more economical way of 
doing a job without sacrificing accu- 
racy or clarity. 

Maximum use of established stand- 
ards and simplification procedures 
must continue to be encouraged. It 
is a never-ending process and its re- 
sults, from the cost standpoint, 
should never be accepted as opti- 
mum. There is always room for fur- 
ther improvement. If efforts along 
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‘is relieved of many of the tedious 


these lines are relaxed, there is 
tendency to backslide and much tha 
has been gained over a long perio 
of time can be lost very rapidly. 


PROBLEMS AND CONCLUSIONS 


UNCTIONAL DRAFTING as practiced 

in Ebasco today represents thé 
result of years of experience with 
this method. Since individual judg: 
ment, as has been previously indi 
cated, plays a tremendously impor 
tant part in this operation, it was 
found necessary in some instances td 
restrain the draftsman from going td 
extremes. The drawing to be trul¥ 
functional must convey information) 
in clear, unmistakable terms. In re 
sponse to criticism which was solic: 
ited at the outset of the program, re| 
visions were made to the ground 
rules originally established. 

There is still resistance in soma 
quarters to its unqualified accep: 
tance. Errors on drawings which may. 
result in field interferences are im) 
mediately attributed, by this smal 
minority, to functional drafting. How! 
ever, with but rare exceptions, it ha: 
been found after careful investiga 
tion, that they bear no relation tq 
the proper application of functiona 
drafting principles and practices. 

Professional pride in high-quality 
workmanship is not sacrificed in the 
practice of functional drafting. O 
the contrary, the modern draftsman 


drafting conventions that were one 
saddled on his earlier counterpart. He 
is thus in a better position to apply 
creative thinking to the constructive 
elements of his drawing. He recog: 
nizes the drawing as a means 07 
communication only and not as a 
end in itself. His true objective isi 
the successfully completed structure 
and he knows how to convey the 
needed information on his drawing 
clearly, concisely, and accurately. His 
operation is truly functional. 


The Authors 


E. L. SEELAND is superintendent o 
design and drafting and P. B. Davi 
is assistant superintendent of desi 
and drafting, Ebasco Services Incor 
porated, Engineers and Constructors 
New York. 
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Application of Graphics 


to Engineering Design Problems 


Some challenging examples of how graphics are used 


in the practical solution of engineering problems 


by P. G. Belitsos 


CONTROL OF FREE STATE VARIATION 


Part I Continued 


SPACER MAY VARY FROM TRUE SHAPE BUT DIA B MUST BE WITHIN 
WITH THE EQUIV OF 40-70 IN LB TORQUE AT CENTER HOLE AND 


TOL 
EACH END 


FIG.7 COMPRESSOR VANE SPACER 


ASSY MAY VARY FROM TRUE SHAPE BUT WITH DATUM 
AXIS ESTABLISHED BY. RESTRAINING DIA A WITHIN DIAMETRAL 
TOL AND BY HOLDING SURF. B FLAT WITH THE EQuiv OF 50 
-70 IN/LB OF TORQUE APPLIED AT 8 EQ SP BOLTS, SURF. 
C CONSTRUCTED AROUND THE DATUM AXIS MUS7 BE 
WITHIN .004 FIR. 


|. FIG.8 COMPRESSOR OIL SEAL 
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1 bes us now look at the drawings of 
some parts which illustrate the 
use of datums and the control of the 
variation of surfaces which distort in 
the free state. 


Compressor Vane Spacer (Fig. 7) 


This is one quadrant of a simple 
part which is used as a spacer for the 
vane supports of a compressor. Since 
the part is relatively flexible when 
unrestrained, the drawing specifies 
that the spacer may vary from true 
shape in the free state. It also speci- 
fies that the important diameter B 
must be within drawing tolerance 
when restrained in a manner which 
simulates actual assembly conditions. 

In this case the restraint consists 
of a single bolt applied at the center 
hole and at each end with the equiv- 
alent of 40 to 70 inch-pounds of 
torque. 


Compressor Oil Seal (Fig. 8) 


Here is another relatively simple 
application of the geometric control 
of nonrigid surfaces which distort in 
the free state. 

The datum surfaces on this com- 
pressor oil seal consist of the locating 
diameter A and its related surface B. 
To simulate actual assembly condi- 
tions it is required that diameter A 
be mounted on a fixture which will 
restrain this diameter to within its 
specified diametral tolerance. The size 
of the mating rabbet diameter on the 
fixture is established on the basis of 
a close assembly fit with datum diam- 
eter A when it is at its maximum 
material condition which in this case 
is 14.624 inches. Surface B is then 
held flat by at least eight bolts 


This paper was presented at the Summer Con- 
ference on Graphics in Scientific Engineering 
held at the University of Detroit, July 18, 
1960 by the National Science Foundation. 
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placed through the clearance holes 
and fastened to the fixture with a 
torque of 50 to 70 inch-pounds. 

In order to have an effective seal, 
it is necessary that the inside diame- 
ter of the teeth marked C be con- 
structed around the datum axis within 
.004 FIR. This surface runout re- 
quirement establishes a tolerance 
zone which controls the combined 
errors of eccentricity, out of round- 
ness and taper which may exist in 
the seal diameter. In addition, this 
tolerance zone also controls the 
squareness relationship of diameter 
C with datum surface B. These geo- 
metric form relationships must be 
met when the assembly is restrained 
as specified in the note. 


Stage 1 Turbine Nozzle (Fig. 9) 


This permanently fastened assem- 
bly is one of the most difficult com- 
ponents of a turbojet engine to design 
and manufacture. The turbine vanes 
serve to direct the flow of the ex- 
tremely hot gases when they leave 
the compressor on route to drive the 
turbine. 

The datum surfaces consist of the 
locating diameter C and its related 
surface D. The drawing specifies that 
in the free state the maximum eccen- 
tricity between diameter B and C is 


@ SAWCUTS .04-.08 WIDE IN 


FREE STATE LOC WITHIN .06 
EITHER SIDE OF TRUE POS 
IN OUTER BAND ONLY 


IN FREE STATE, MAX ECCENTRICITY BETWEEN DIA B a Cc 
TO BE 02 AND ADJACENT ELEMENTS OF SURF. E must ALIGN 
WITHIN .04 AT THE SAWCUTS 


WITH DATUM AXIS ESTABLISHED BY RESTRAINING DIA (& 
WITHIN DIAMETRAL TOL AND BY HOLDING SURF. D FLAT 


WITH THE EQUIV OF 65-70 IN/LB OF TORQUE APPLIED AT 
10 FQ SP BOLTS ALL DIM. MUST BE WITHIN TOL AND SURF. 


CONSTRUCTED AROUND OR AT RIGHT ANGLES TO THE DATUM 


MUST BE WITHIN .O2 FIR 


FIG. 9 STAGE | TURBINE NOZZLE 


to be within .02. It also specifies that 
in the free state the adjacent ele- 
ments of surface E must align within 
.04 at the sawcuts. This controls the 
axial misalignment of surface E which 
is interrupted by the eight sawcuts. 
To simulate actual assembly condi- 
tions, it is required that diameter C 
be mounted on a fixture which will 
restrain this diameter to within its 
specified tolerance. Surface D is then 
held flat by the equivalent of 10 
equally spaced bolts which are tor- 
qued to 65 to 70 inch-pounds. With 


oe 
AAABAaey 


6.90 \ 


piaAB 


oe ae 
te S 


a 
S 


13.78 
13.74 
DIA 


these surfaces establishing the datumil 
axis the other related diameters and] 
surfaces must meet the specified di-: 
mensional tolerances. In addition, di-: 
ameter B and surface E which ares 
respectively constructed around or ati 
right angles to the datum axis must# 
be within .02 FIR in the restrained! 
position. 


Turbine Shaft Air Seal (Fig. 10) 


Here is a seal of a different design 
whose datum surfaces consist of thes 
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: NESS F 
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3 surF.C aD must BE PARALLEL WITHIN .003 
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FIG.10 TURBINE SHAFT AIR SEAL 
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28.860 
28.850 
DIA 


30.166 
30.162 
pia C 


2.655 


| 


30,802 


2.645 


8.98 


31,100 


WITHIN .O10 


at K, DIA 


locating diameter A and its related 
surface C. The drawing in this case 
specifies that the locating diameter 
A and the seal diameter B may vary 
om true shape in the free state by 
being out of round to a maximum of 
.015 on radius. Also in the free state 
flange surface C may have an allow- 
able runout of .010 FIR. If these al- 
lowable variations in the free state 
are exceeded the part is subject to 
rejection. 

_ To simulate actual assembly con- 
ditions, it is required that diameter 
A be mounted on a fixture which will 
restrain this diameter to within its 
specified diametral tolerance. Surface 
C is then held flat and the seal di- 
ameter B must be within .004 FIR. 
Jn addition the drawing specifies that 
the elements of this cylindrical sur- 
face must be parallel to the datum 
-axis with .001 which controls the 
taper of the surface and its square- 
ness to datum surface C to a closer 
tolerance. The last note specifies the 
relative parallelism of the two faces 
of the flange. 


£ 
Turbine Casing Assembly (Fig. 11) 


_ Here is a very interesting applica- 
‘tion of free state variation control to 
a turbine casing assembly. The as- 
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IN FREE STATE SURF. T & U MusT BE FLAT AND IN THE SAME PLANE 


IN FREE STATE WITH UPPER AND LOWER CASING HALVES BOLTED TOGETHER 
&@ J MUST BE ROUND WITHIN -02 ON RADIUS 


WITK DATUM AXIS ESTABLISHED BY RESTRAINING DIA A & J WITHIN 
DIAMETRAL TOL AND BY HOLDING SURF. 
50 TO 70 IN/LBS OF TORQUE APPLIED AT 10 EQ SP BOLTS, 
CONSTRUCTED AROUND OR AT RIGHT ANGLES TO THE DATUM AXIS MUST BE 
WITHIN THE FIR. SPECIFIED IN TABLE | 


FLAT WITH THE EQUIV OF 
THE SURF. 


TURBINE CASING ASSEMBLY 


FIG.I 


sembly is made up of two fabricated 
casing halves that are handled as a 
matched pair. The many close-toler- 
anced diameters and locating flat 
surfaces which are shown in the cross 
section are machined while the casing 
halves are fastened together as an 
integral assembly. 

You will notice that in the reduced 
scale view of the upper casing half 
taken in the direction of arrow V 
there is a requirement in Note 1 con- 
trolling the alignment of the flange 
surfaces T and U. The drawing spec- 
ifies that these surfaces must be flat 
and in the same plane with .010 
when the flanges are in the free state. 
In other words, the first engineering 
requirement is that these surfaces for 
each of the casing halves are in- 
spected to the specified tolerance 
when they are removed from the fix- 
ture and are unrestrained. 

The next engineering requirement 
covers the acceptable condition of the 
datum surfaces when they are unre- 
strained by external forces. The draw- 
ing specifies in Note 2 that when the 
two casing halves are bolted together 
at the 18 flange holes K, the datum 
diameters A and J must be round 
within .02 on radius in the free state. 


The final engineering requirement 
establishes the expected geometric 
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VIEW IN DIRECTION OF 
ARROW SHOWING CASING HALF 
SCALE NONE 


form and positional relationship of 
the functional diameters and surfaces 
when the structure is restrained in a 
manner equivalent to its actual as- 
sembly condition on the jet engine. 
To simulate this assembly condition 
the drawing in Note 3 identifies the 
datum axis established by surface S 
and diameters A and J. It specifies 
that surface S must be held flat with 
the equivalent of 50 to 70 inch- 
pounds of torque at a minimum of 
10 equally spaced points on the 
flange. It also specifies that the datum 
diameters A and J must be restrained 
within their stated diametral toler- 
ances. This establishes the equivalent 
of the assembly condition. The draw- 
ing then specifies that all of the di- 
ameters and flat surfaces identified in 
Table 1 must be within the full indi- 
cator reading which is specified as 
.005. It also establishes in Table 1 
that datum diameter A must be 
within .002 full indicator reading. 

This is an excellent example of 
how to control a series of surfaces of 
revolution whose circular elements 
are constructed around or at right 
angles to a common datum axis. This 
method will be further developed in 
reference to composite form toleranc- 
ing next month. 


To Be Continued 
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Automatic Photocopier 


A fully automatic photocopier that 
turns itself on, supplies the copy 
paper, makes exposure, peels away 
the negative, adjusts itself to any 
length original, trims, and delivers 
developed prints at the rate of four 
copies a minute is now being mar- 
keted by Ampto, Inc., Newton, N. J. 
Called Amptomatic, the unit makes 
black and white copies of all colors, 
will take any original up to 11” 
wide and of any length. Amptomatic 
is roll-fed, automatically cuts copies 
to the length of the original. 


Paper Shredder 


Destroyit No. 1 MM, a new model 
office paper shredder, destroys con- 
fidential records into the thinnest 
shreds possible with one push-but- 
ton operation. Now available from 
Michael Lith Sales Corp., 145 West 
45 St., N. Y. 36, N. Y., the machine 
has a movable cabinet and remov- 
able waste-bin for shreds. Simple 
enough for anyone to operate, the 
Destroyit provides 88 Ibs. of shred- 
ded paper an hour, for packing and 
shipping material. 


Multipurpose Copier 


A new copying instrument called 
Rollacopier is now available, com- 
bining the features of microfilm 
reader, enlarger printer, wall pro- 


jector, and contact printer. Stable 


prints of excellent sharpness can be 
obtained from this machine almost 
instantaneously and inexpensively. 
The Rollacopier comes in two sizes: 
Rollacopier 17 for prints up*tox17” 
by 22” and Rollacopier 9 for prints 
up to 9” by 14”. Information is 
available from Andrews Paper & 
Chemical Co., 676 Northern Blvd., 
P.O. Box 528, Great Neck, N. Y. 


(For additional information regarding 
the new products described here, contact 
the manufacturer directly. Complete ad- 
dresses are included.) 
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New “Products 


Low Cost Paper Plate Maker 


A speedy, low-cost method for 
making paper plates for offset dupli- 
cating by using a Thermo-Fax copy- 
ing machine has been announced by 
Minnesota Mining and Manufactur- 
ing Co., Dept. L1-162, 900 Bush 
Ave., St. Paul 6, Minn. Plates are 
made by a completely dry process, 
using the same technique as in copy- 
ing any document. Total time in- 
volved is not over 30 seconds; cost 
per plate (ready for press) is as low 
as 12¢. The plate is durable, not af- 
fected by light, not sensitive to finger 
marks when handled. Because of the 
speed and economy inherent in this 
new method, the need to preserve 
and store plates for future use is 
eliminated, as in most cases it would 
be more economical to make new 
plates than preserve and store old 
ones. 


Illustration Boards 


Three new studio boards have 
been added to the Bainbridge line. 
Two of these are mounting boards 
with quality, bright white facing pa- 
per and grey backs. The third is a 
triple thick board with fine rag an- 
tique paper on one face and smooth 
illustration board paper on the other. 
Free samples of all three are avail- 
able on request from Charles T. 
Bainbridge’s Sons, 12 Cumberland 
St., Brooklyn 5, N. Y. 


GRAPHIC SCIENCE 


Quality Engraver | 
A high quality engraver has been 


added to the line of instruments for 
architects and draftsmen sold byy 
Unitech Corp., 50 Colfax Ave., Clif-} 
ton, N. J. Called Aristo, the new'| 
engraver can be used on all types off 
materials and coated surfaces. It hasg 
a built-in wide-angle lens with 4- 
time magnification, and is availables 
with a variety of scribing points for 
single or double lines. 


Fast-Printing Negative Paper 


An improved version of their 408T 
Photact contact photographic paper 
is now offered by Keuffel & Essen 
Co., Third and Adams Sts., Hoboken, 
N. J. The new paper has a fasten 
emulsion which increases its printings 
speed without sacrificing photographic¢ 
qualities. It is claimed to give clear, 
detailed negatives from tracings wi 
weak lines, cracks, creases, or manys 
fine lines. Corrections are made byj 
etching, red-inking, or spotting. 


High Intensity Vapor Lamp 


A high intensity mercury vapow 
lamp of 200 watts per inch, for use 
in photo reproduction machines, is 
being introduced by Photo Print 
Equipment Dept., Hanovia Lampy 
Div., Englehard Hanovia, Inc., 10 
Chestnut St., Newark 5, N. J. The@ 
lamps are available in 40-inch anc 
60-inch are lengths, with wattage» 
of 9,600 and 12,000, can be made 
in shorter arc lengths if-there is suff 
ficient demand. . 


Block Automatic Cutter 


A completely automatic, labor# 
saving machine for cutting strip prot 
cessed rolls of paper is now being 
marketed by Alves Photo Servic ji 
Inc., 14 Storrs Ave., Braintree 84 
Mass. The electronic cutter accom! 
modates paper up to 12” in wid 
and in weights from 20 lbs. to 12 
Ibs. card stock. A spool receptacle 
holds rolls of paper 13” in diamete 
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The Book Shelf 


ELECTRONIC DRAFTING HANDBOOK, by Nicholas 
M. Raskhodoff. The Macmillan Company, New York, 
1961 ($14.75). Review by Irwin Wladaver. 


HE SHEER MASS of material in Electronic Drafting 

Handbook is staggering. Mr. Raskhodoff has com- 
piled a tremendous variety of useful information, detailed 
and well illustrated. The book gives clear evidence that 
its author is an experienced practitioner in electronjcs, as 
indeed he is. He obviously knows what kinds of authori- 
tative data an electronics draftsman is constantly in need 
of. His book provides easy access to a comprehensive 
| variety of items required in this newest branch of engi- 
neering drawing. e 

Every draftsman, beginner or experienced, who has a 
copy of the handbook will turn again and again to this 
reference treasure. Comparatively small it may appear, 
but it is remarkably comprehensive and usable. Mr. 
Raskhodoff shows how to prepare every kind of electronic 
drawing: schematics, wiring diagrams, working installa- 
tion drawings of electronics and communication systems 
and equipment, tube-base diagrams, inter-connection and 
outline drawings. Finished sample drawings include a 
harness assembly, a primary power distribution program, 
a switching circuit schematic, a micro-wave circuit sche- 
matic, an audio system single line schematic, a produc- 
tion line wiring diagram, industrial control schematic 
and wiring diagrams, and many more. 

A section crammed with photographs and figures in- 
troduces the beginner to the basic electronic and me- 
chanical components. Typical drafting-room practices, 
techniques of drafting, and checking procedures for me- 
chanical and circuit drawings are covered. 

Let’s look at the table of contents. Chapter 1 deals 
with “The New Profession of Electronic Drafting” and 
points out the expanding opportunities that abound in 
electronics, the young prodigy of industry. The next three 
chapters give “Basic Electronic Information.” For exam- 
ple, Chapter 2 lists electronic components: capacitors, 
coils, connector varieties and numbering systems, and so 
on alphabetically for easy reference through wave guides 
and fittings, and wiring materials; plus a note on minia- 
turized electronic components. 

Chapters 3 and 4 deal with mechanical components 
from bearings, bellows, and chassis through special air- 
craft fasteners; and materials from aluminum and its al- 
loys through Teflon, a du Pont tetrafluoroethylene resin. 
Raskhodoff gives important information about Teflon’s 
chemical, electric, and mechanical properties. Very in- 
teresting. 

“General Electronic Drafting Techniques” is the sub- 
ject of Chapters 5, 6, and 7. My personal prejudices 
make me wish that the author had given more space to 
drafting-room skills for the sake of green beginners, but 
of course such elementary stuff is readily available else- 
where. Most readers will, I think, find the chapter on 
general mechanical design quite useful and informative. 
It comprises among other items: early history, civilian vs 
|military components, electronic entertainment equlp- 
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comfort 


The man at the drawing board gently massaged the kinks out of his 
fingers ™ Watching hundreds of draftsmen and designers, architects 
and engineers go through the same motions, inspired us to develop 
the long-tapered, no-slip, functional grip in #9800SG Locktite Tel-A-Grade 
Lead Holders ™ We designed a gold-plated aluminum barrel with 
special serrations that give you smooth traction and blessed relief for 
your tired fingers ™ You'll like Locktite’s bull dog clutch and unique 
indicator which reveals the degree in use at a glance @ Yes, you can 
buy cheaper lead holders ™ But none can match Locktite’s precision 
performance and its soothing comfort ™ Backed by a 2-year no-non- 
sense guarantee m If any part breaks in normal use, A.W.Faber will 
replace the entire holder without cost ™ Join the masters of your pro- 
fession ™ Buy Locktite today ™ Castell Drawing Leads #9030, identical 
in grade and quality with world-famous Castell drawing pencil ™ Usable 
in all standard holders, but perfect for Locktite Ml Draws perfectly on all 
surfaces, including Cronar and Mylar base films ™ 7B to 10H, and a 
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The new Boston Lead Pointer — 
is designed with the designer 
in mind. You make your own 
desired point by simply adjust- 
ing the length of the lead using 
the lines on the top for measur- 
ing the length of lead. The 
Boston Lead Pointer can be 
used as a portable or in a fixed 
position . . . leads won’t break. 
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ment, space planning, and chassis drawing details—there# 
are too many to list them all. 
“Special Electronic Drafting Techniques” is the sub. 
ject of the next eight chapters. I have already intimated! 
how great is the variety of topics touched on. 
The last part of the handbook may well prove very} 
useful to experienced electronics draftsmen. It is a 156- 
page encyclopedic reference appendix, jam-packed to in+ 
clude: 
1. A digest of general specifications for military elec-4 
tronic equipment 
2. A summary of the standard abbreviations of the De-} 
partment of Defense and of the ASA 
3. Tables of outline drawings and transistor types 
4. A chart of tube-base diagrams 
5. A summary of standard welding symbols 
6. Tables of common electrical and electronic symbols 
7. Tables of physical and mechanical properties off 
aluminum and of other metal alloys 
8. Many more valuable charts and tables. 
felt that the $14.75 price for the handbook wass 
rather on the high side and so I asked the editor tom 
justify that much money for the book. He explained tha 
one of the heaviest-factors in the price was the tremen- 
dous number and array of linecuts, a very expensives 
process. Another factor was the fine quality of coated 
paper that makes the book more durable and at the sames 
time keeps the volume comparatively thin. The lineworki 
is excellent, despite the fact that many illustrations are¥ 
very small; and the half-tone reproductions are ver 
good. And so the price of the handbook should be as 
minor matter to a person who can by means of the book 
increase his understanding, his knowledge, and his use- 
fulness in his daily work. 
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British map of the American colonies (drawn in 1766) reproduced on new 
Kodagraph Autopositive Film, Estar Base. Original drawing in Library of Congress. 


Makes planning easier! 


New Kodagraph Autopositive Film, Estar Base, 
produces durable phototracings which have a 
superior drafting surface on both sides. 

Now your print room or local blueprinter 
can give you second originals that are tough, 
good looking, and a pleasure to work with. Any 
draftsman or engineer—anyone who takes 
pencil in hand—will see how much easier it is 
to draw on either side of these new photo 


reproductions. 
Superior matte surface grips even light 
pencil strokes . . . lets you use pencils with a 


wider range of hardnesses. And there’s less 
abrasive action—pencil points stay sharper 
longer. Also, detail stays put . . . is less in- 
clined to smear, can be erased easily. 
All of which makes your job a lot easier. 
Easier to process. Direct-positive prints are 
madeinroomlight with either “print-through”’ 


or reflex printing. Famous wide-latitude 
Kodak emulsion cuts make-overs. Kodagraph 
Autopositive Film, Estar Base, like all of the 
new Estar Base Films, comes in standard 
sheet sizes and in rolls up to 52 in. wide. 


Write Eastman Kodak Company, Graphic 
Reproduction Division, Rochester 4, N. Y. 
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